first two methods are useful in identifying clusters, the third and the fourth methods are used for establishing local spatial relations. GAM is a set of methods applied in the analysis of point data, while LISA is applied in the analysis of aggregate data. The current work will demonstrate the use of Kulldorff Scan Statistics which is not only related to GAM but can also be useful in investigating the aggregate data on certain conditions. The clusters identified by means of Kulldorff Scan Statistics will be compared with the results obtained by the LISA method.
The geographical Analysis Machine (GAM) was proposed by Oppenshawn (1987) [3] and has been used for analyzing point data. This method forms sets of different sized circles with the centers located in the points serving as knots of a regular grid (usually made of squares) that covers the study area. Next, the true number of cases with a given malformation in each circle is compared to the score expected when the number of prevalence cases has Poisson distribution. Turnbull et al. (1990) [4] have developed a test that allows for examining both the location and significance of clusters. The test consists in forming circular windows in the shape of a circle; the windows contain a fixed number of units at risk that are estimated a priori. In turn, Besag and Newell have expanded the GAM method with the possibility of setting letter k as an expected size of cluster. Letter k usually varies between 2 and 10. The method was described by Besag & Newell (1991) [5] and Alexander & Cuzick (1992) [6] . Kulldorff Spatial Scan Statistics (Kulldorff and Negarwall 1995 [7] , 1997 [8] ) relates both to the Geographical Analysis Machine (GAM) by Oppenshaw et al. (1987) and the procedure proposed by Turnbull et al. (1990) . Not only does it allow for identifying circular clusters but it can also determine elliptical ones. It was used for the first time by Kulldorff and Nagarwall (1995) to identify the leukemia prevalence clusters in the state of New York. A review of studies based on Spatial Scan Statistics has been included in Spatial Analysis in Epidemiology [9] . In addition, Kulldorff has elaborated and proposed a space-time version of Scan Statistics.
The i I Moran and i C Geary statistics (Anselin 1995) [13] which form Local Indicators of Spatial Association (LISA) are treated as local variants of global spatial statistics and operate on aggregate data. They allow for the identification of local spatial relation (autocorrelation) that manifests itself in the form of clusters with similar values of an examined variable and outliers that stay in contrast with their surrounding. The cluster identification has been carried out on the basis of Local Moran Statistics.
The LISA metod was used by Jacquez and Greiling (2003) [14] to identify spatial clusters with increased prevalence cases of breast, lung, and large intestine tumor in the population of Long Island, USA. The results which they obtained coincided with the results that Kulldorff (1997) [16] ). Clusters were located in the eastern and northwestern parts of China. Although spatial analysis methods are more and more popular in epidemiology, analyses of congenital malformations are difficult due to their relatively small prevalence rate. The analysis can only be made when a large register of congenital malformations is available in which the reporting of defects is full. That is why there are still few sufficiently detailed works on that issue. Usually the investigation of cleft lip with or without cleft palate has limited the analysis of geographical factors to a towncountry distinction (B-H Hwang et al. 2008 [17] , L.C. Messer et al. 2010 [18] ), or the distinction between 2-3 regions, e.g. North-South (E.W. Harville 2005 [19] ). We have only found one work in which the malformation was studied in more detail: S.Y. Gebreab 2010 [20] . The work describes the limitations resulting from analyzing diseases with relatively small prevalence, on the example of congenital malformations, especially oral clefts (n = 894 cases, 458593 live births). The analyses presented in the work pertain to the state of Utah (USA) in the years 1995-2004. To analyze the studied area with the view to finding clusters the state was divided into 61 sections. The statistical analyses, including Kulldorff's scan statistics, located clusters with an increased prevalence rate of congenital malformations; however, the results are on the border of statistical significance.
II. DATA
The research is based on the data concerning 229 liveborn children at the age of 0-2 with isolated cleft lip with or without cleft palate from Greater Poland (divided into 315 counties), recorded by the Polish Registry of Congenital Malformations (PRWWR) in the period of 1999-2006. This malformation has been chosen mainly due to its recognizibility, recordability, and the contribution of environmental teratogenic factors to the etiology of this defect. It seems vital to stress that there are no reports on where exactly in Poland the clusters with this defect can be found.
The present analysis was carried out on a county level. Therefore, the information about the place of residence has become a vital criterion for being qualified for the analysis.
Population data regarding 277136 liveborn children in individual county of Greater Poland in 1999-2006 period come from the Central Statistical Office of Poland.
III. METHODS
The basic descriptive statistics of congenital malformations are manifested by coefficients of frequency with which the defects occur. A frequency coefficient that deals with the prevalence of congenital malformations in liveborn children is defined as the proportion of liveborn children with congenital malformations to the total number of liveborn children at a given time and space. In the case of isolated cleft lip with or without cleft palate in a given area, the prevalence is 8.3 in 10 thousand livebirths.
What takes place very often, especially in epidemiology, is the occurrence of data bases in which the number of examined participants is very small, and some groups are even empty. Therefore, the examined coefficients appear sensitive towards small data variations. In this case, the use of local smoothing (by means of Spatial Empirical Bayes) will allow for determining smoothed values of prevalence, which will help to retrieve stability and provide distinction between the regions considered before as 0. Mathematical details of the smoothing coefficients process with the use of the Bayes' method can be found in the works of Anselin et al. (2004) [21] and Boscoe F.P. et al. (2003) [22] . Smoothed coefficients for isolated cleft lip with or without cleft palate in particular counties are presented below (Fig. 1) . 
Assumptions of the Kulldorff Scan Statistics Theory
Identifying the location of clusters by means of the Kulldorff (1995 Kulldorff ( , 1997 ) method requires using a scanning window. The scanning window can be realized as: 1) a range -for time clusters, 2) a circle or ellipse -for space clusters, 3) a cylinder -for space-time clusters. The scanning window with different sizes is applied after it is identified by Euclidean matrix. Both the observed and expected number of cases for every position and size of the scanning window are estimated inside and outside the window. In addition, the study area is scanned in order to find the most likely cluster. Theoretically, the process of scanning can be infinite; however, it may turn finite when narrowed to two conditions, namely: 1) limiting the number of starting points of the scanning window in which every centroid or another limited set of points in space at a specified time dimension can serve as the center for building the window, and 2) limiting the size of the scanning window by determining the maximum size of population that can be located within the window or in the space range that covers the window, the range being determined by the distance from the window center. Similar restrictions are imposed on a time unit in space-time clusters, which allows for manipulating the window size and position; it is then possible to control the scanning process. Moreover, the restrictions allow for identifying unfocused clusters as well as examining the cluster range located around a previously identified point of an increased risk, known as focus.
Statistical significance of the scanning window is determined by the likelihood ratio test in which 0 :
, H p q > with p standing for the likelihood of malformations to occur inside scanning window Z, and q acting as the likelihood of malformations to occur outside scanning window Z. In the starting phase of the test, the likelihood function ( , , ) L Z p q for a given window Z is determined. The collected data on population and those concerning congenital malformations enable to base a likelihood function on the Poisson model.
The likelihood function for window Z is:
where: c -number of cases (children with congenital malformation) inside the scanning window, C -total number of cases, E(c) -expected number of cases inside the scanning window, ( ) C E c − -expected number of cases outside the scanning window, () I -an indicator function equals 1 when the number of cases inside the window is bigger than the expected number of cases, or 0 in the other case.
The procedure of estimating the likelihood function is performed for each position and size of the scanning window.
Next, the maximum of the function is being determined:
The scanning window for which
is the most likely cluster ˆ. Z This cluster shows the least likelihood of accidental prevalence.
When defining 0 L as: ( )
The distribution of LR test statistics appears difficult to obtain in an analytical form, therefore it is obtained by means of the Monte Carlo method. By this method, random sets of data are being generated; next, the maximum of a likelihood function for the true data is being compared with the maximum of a likelihood function for different sets of random data. For 9999 repetitions (generated sets), the test is significant on level 0.05 if a statistical value for a true set of data is located between 500 highest values of test statistics coming from these generated sets.
After having identified the most likely cluster, other clusters are being located, that is why the whole procedure is repeated with the exclusion of a previously located cluster.
Assumptions of the Local Indicators of Spatial Association (LISA) Theory
The analysis of LISA was carried out using Local Moran Statistics which requires the identification of the socalled spatial weights. The weights represent spatial relations recorded by the matrix or graph. In order to identify the weights, a neighborhood matrix in the form of a binary table is designed, where the neighborhood of two counties is defined as 1, and its lack as 0. Next, the matrix of weights is obtained by standardizing the neighborhood matrix by rows to 1. In the presented method, the neighborhood matrix is usually determined by the common boundary between counties, in turn, the scope of cluster is determined by the neighborhood matrix. However, in the present study, to compare the results gained by the Kulldorff method, the neighborhood matrix is based on Euclidean distance.
Local Moran I i Statistics, also known as a Moran coefficient, is used to investigate whether the region is surrounded by the neighbors with a similar or different value of the following variable: 
IV. RESULTS

Results of Kulldorff Scan Statistics Spatial clusters
The scanning window is defined as a circle. With the use of the window, the whole area of Greater Poland is being scanned (Fig. 2) . The choice of a starting point in the scanning window and the manner in which the window will move while scanning was the basic and fundamental issue in detecting spatial clusters. As a result, the centroids of counties, serving as geometrical confirmation of the expected center, became the starting point for the described process (Fig. 3) . The process of scanning was limited by determining the maximum size which the radius of scanning window can reach. As it was assumed, the scanning window in each starting point continued to make the radius bigger (every 1 meter) until it reached the size which would allow for locating over 50% of liveborn children from Greater Poland inside the window.
As the results show, the present study has failed to identify clusters that would exhibit a statistically significant clusters for the prevalence of cleft lip with or without cleft palate; however, the study has managed to determine few agglomerations with a higher likelihood of the malformation to occur (Table 1, Fig. 4) .
In those agglomerations the presented differences between the expected and the observed number of cases are quite big but based on small sizes, which makes them statistically insignificant.
Space-time clusters
The scanning window was defined as a cylinder with circular base. The starting point for the window in space dimension was a centroid, whereas in time dimension it was each year. The window size was limited so as not to fit more than 50% of population examined and cover less than half of the period examined, namely not more than four years. In this case, substantial differences were also observed between the expected and observed number of cases; however, due to small sizes the discovered agglomerates shown in the table (Table 2 ) and on the map (Fig. 5) are statistically insignificant.
Results of LISA analysis
For the sake of Local Moran Statistics, a given county is accepted as neighbouring if its centroid is located at a distance of less than 14 km (about 9 miles) from a particular county, since the average size of the agglomeration identified by Kulldorff is of similar size. As a result, no statistically significant agglomerations have been found (Table 3 , Fig. 6 ). 
V. COMPARISON OF KULLDORFF SCAN STATISTICS RESULTS WITH THE FINDINGS OBTAINED BY THE LISA METHOD
In the present study the range agreement of agglomerations identified by means of Kulldorff Scan Statistics has beencompared with agglomerations obtained using the LISA method. Since LISA is not equipped with its own equivalent which would include several-year time dimension, the comparison was made only among spatial agglomerations. Table 4 presents the arrangement of counties related to particular clusters. The agreement percent of a county related to a given cluster (on the main diagonal) is 90.48%. A Kappa coefficient, correct the size by chance on agreement, is 32.38% and 95% confidence interval for Kappa is: 14.04%, 50.73%. The result of the agreement analysis, so the significance of the Kappa's coefficient (p < 0.000000) proves that the two methods assign counties both to the areas belonging to the agglomerations with an increased risk of the cleft lip ± cleft palate prevalence and to the ones that do not belong to the agglomerations. At the same time, only 40.91% of Kulldorff's agglomerations overlap with agglomerations identified by the LISA method, and only 34.62% of agglomerations identified by the LISA method overlap with Kulldorff's agglomerations.
VI. CONCLUSIONS
Congenital malformations, being influenced by both environmental and genetic factors, appear relatively seldom; therefore, patterns on the map remain rather random and irregular. Because of their low number of cases, particular agglomerations are created randomly and not on the basis of statistically significant relations, despite the differences between the observed and expected number of cases of malformations. Similar statistically insignificant differences were obtained between the observed and the expected number of cases in S.Y. Gebreab's work from 2010 [20] for the state of Utah (USA).
Techniques used for investigating the clusters are not common as they are based on specially designed databases that are related to the maps. In Poland, the Polish Registry of Congenital Malformations (PRWWR) was established in 1997 and since then it has collected data on the frequency and types of congenital malformations in Polish society. Reports on the children with congenital malformations and information about livebirths provided by the Central Statistical Office of Poland databases in connection with a detailed map of Greater Poland with all counties highlighted have contributed to the establishment of databases needed for detailed spatial analysis.
Since each technique used in the present study focuses on different aspects of information presented by the data, slightly different areas have been considered as likely but statistically insignificant agglomerations. It may come from the fact that the way in which cluster is sought in the Kulldorff method allows for determining the optimal size of the cluster, whereas in the LISA method the size is determined a priori by estimating the manner of neighboring. In identifying clusters, the researcher is usually unable to pinpoint their exact size. It becomes even more difficult when the area of investigation is bigger and contains more windows than usual. It is important to stress that each true cluster, being located in the area of inquiry, can have different sizes. Therefore, the process of identifying clusters will become easier if the researcher is provided with information about starting points of the window and the maximum of radius to which the window can spread. In addition, not only is the Kulldorff method able to identify spatial clusters but also space-time ones, which seems useful in epidemiological studies. Therefore, considering the comfort of application and use, the Kulldorff method has proved more precise and universal than the LISA method.
On the basis of the study results, thesis on the lack of clusters of isolated cleft lip with or without cleft palate in Greater Poland in the period of 1999-2006, has not been rejected. The results were obtained due to two different methods of geostatistical analysis. Kulldorff Scan Statistics has identified five agglomerations with higher risk of congenital malformation prevalence, which has been confirmed by the LISA method. The result may suggest slight influence of environmental teratogenic factors on the development of congenital malformations. Until now, malformations have not been extensively analysed (apart from S.Y. Gebreab's work, 2010 [20] ), therefore today it appears difficult to find detailed and thorough information about them in the subject literature. Early analyses of isolated cleft lip with or without cleft palate usually limited the investigation of geographical factors to a simple distinction into town-country (village) or the division of a particular area into two or three regions (Bing-Fang Hwang et al. 2008 [17] , Messer L.C. et al. 2010 [18] , Harville E.W. et al. 2005 [19] ). As a result, the subject of residence was not entirely investigated and included in the study. Therefore, a variety of tools for investigating clusters used in the present study may contribute to the development of methods useful in lowering the risk of delivering a child with congenital malformation. Moreover, the clusters detected at specific locations may occur helpful in determining environmental teratogenic factors being at the same time responsible for the development of clusters. Narrowing the area of invesgation in quest of teratogenic factors will lower effort and time needed to identify them. Then, after identification, teratogenic factors will allow for reducing the costs (financial costs connected with the necessity to spend money on treatment of diseases caused to some extent by environmental factors) and effort put by parents whose children suffer from congenital malformations.
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